Introduction {#Sec1}
============

Older adults are more likely to suffer from poor sleep quality compared to younger adults due to more frequent physical and mental disorders^[@CR1]^. More than half of older adults complain about poor sleep quality^[@CR2],[@CR3]^, including increased awakenings, low sleep efficiency, poor subjective sleep quality and decreased night sleep duration^[@CR1],[@CR4]^. Poor sleep quality is associated with negative health outcomes, such as fatigue, low quality of life, risk of medical and psychiatric comorbidities and even mortality^[@CR5]--[@CR7]^.

Sleep quality can be measured with both objective \[e.g., polysomnography (PSG)\], and subjective instruments \[e.g., sleep diary and Pittsburgh Sleep Quality Index (PSQI)\]^[@CR8]^. Of these, the PSQI is the most widely used measure of global sleep quality which covers subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, daytime dysfunction, and use of sleep medications.

Determining the prevalence of poor sleep quality is important for health professionals and policymakers to understand its impact on population health and the need for appropriate preventive strategies and health resource allocations. In the past decade, epidemiological studies have examined the prevalence of poor sleep quality among older adults in various countries. For instance, the prevalence of poor sleep quality in older adults was 37.3% in Japan^[@CR9]^, while the corresponding figure was 64.3% in Korea^[@CR10]^. Several studies explored sleep quality among older adults in low- and middle-income countries in Africa, Asia and North America, with the prevalence ranging from 7.7% to 40.0%^[@CR11]--[@CR13]^. As the pattern of sleep problems including poor sleep quality is greatly influenced by sociocultural and economic factors^[@CR14],[@CR15]^, the study of poor sleep quality prevalence across different countries is thus important. In China, the population aged 65 years and above increased to 8.2% in 2010 and the figure is expected to reach 23.3% by 2050^[@CR16]^. Considering the negative impact of poor sleep quality on health, it is essential to examine the prevalence of poor sleep quality in older population in China. Previous studies have examined the patterns of poor sleep quality in Chinese older adults and the prevalence varied from 32.9% to 49.7%^[@CR13],[@CR17]--[@CR22]^. However, most studies on poor sleep quality in China were conducted in major cities, such as Beijing, Shanghai and Guangzhou^[@CR17],[@CR18],[@CR23],[@CR24]^, while very limited data are available in agricultural areas.

Hence, we investigated the prevalence of poor sleep quality and its associated correlates in older adults in Hebei province, which is a predominantly agricultural area of China. We hypothesized that the prevalence of poor sleep quality in older adults in Hebei province would be different from previous findings obtained in major cities of China.

Results {#Sec2}
=======

Characteristics of participants {#Sec3}
-------------------------------

Of the 23,675 persons (≥ 18 years of age) invited to participate in the survey, 20,884 met the study entry criteria and completed the assessments, giving a participation rate of 88.2%. Finally, 3,911 participants (1,892 men and 2,019 women) aged ≥ 65 years were included in this study. Table [1](#Tab1){ref-type="table"} presents the socio-demographic characteristics of participants by sleep quality. Gender, marital status, residential area, education level, annual household income, presence of major medical conditions and family history of psychiatric disorders significantly differed between the good and poor sleep quality groups (all P values \< 0.05). Table [2](#Tab2){ref-type="table"} shows PSQI total and component scores of the participants.Table 1Socio-demographic characteristics of the study population (N = 3,911) by sleep quality.VariablesWhole sample (N = 3,911)Those with good sleep quality (N = 3,091)Those with poor sleep quality (N = 820)Statisticsn%n%n%$\documentclass[12pt]{minimal}
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                \begin{document}$$\ge $$\end{document}$ 751,15729.692630.023128.2Male1,89248.41,63953.025330.9127.61**\< 0.001**Married/cohabiting3,03677.62,43378.760473.510.01**0.002**Urban area82621.169522.513116.016.51**\< 0.001Education level**25.71**\< 0.001** Primary school or below^a^2,64067.52,02665.561474.9 Secondary school or higher1,27132.51,06534.520625.1Unemployed1,37935.31,10635.827333.31.710.19Low income^b^3,01677.12,34075.767682.416.51**\< 0.001**Living alone64216.449115.915118.43.010.08Religious beliefs2686.81996.4688.33.510.06Health insurance3,82297.73,01797.680598.20.9310.34Major medical conditions^c^2,57265.81,91161.866180.6101.61**\< 0.001**Family history of psychiatric disorders701.8411.3293.518.01**\< 0.001**MeanSDMeanSDMeanSDtdfPAge (years)72.006.0972.026.1371.945.960.33,9090.73Bolded values: \< 0.05; *M* mean, *PSQI* Pittsburgh Sleep Quality Index, *SD* standard deviation.Good sleep quality was defined as Pittsburgh Sleep Quality Index (PSQI) \< 7.^a^Primary school or below = less than 7 years of education.^b^Low income: annual household income \< RMB30,000 (approximately USD4,242).^c^Major medical conditions included hypertension, diabetes, cerebrovascular disease, cancer, and gastrointestinal diseases. Table 2PSQI total and component scores in all participants.Total (N = 3,911)Male (N = 1,892)Female (N = 2,019)Rural (N = 3,085)Urban (N = 826)MSDMSDMSDMSDMSDPSQI total score5.053.784.303.215.754.135.173.874.623.42Subjective sleep quality1.020.760.890.691.150.801.040.770.980.70Sleep latency1.051.060.830.961.251.101.071.070.971.00Sleep duration0.800.910.740.860.860.950.800.920.830.87Sleep efficiency0.330.800.240.670.420.890.360.820.200.68Sleep disturbance0.900.620.820.590.980.640.920.630.830.55Daytime dysfunction0.780.970.680.920.871.000.831.000.610.80Use of sleep medication0.160.610.100.470.220.700.170.610.160.58*M* mean, *PSQI* Pittsburgh Sleep Quality Index, *SD* standard deviation.

Prevalence of poor sleep quality {#Sec4}
--------------------------------

The prevalence of poor sleep quality (defined as PSQI \> 7) was 21.0% (95% CI 19.7--22.2%). Table [3](#Tab3){ref-type="table"} shows prevalence of poor sleep quality by age, gender and region. The prevalence of poor sleep quality was 22.3% (95% CI 20.9--23.8%) in rural sample, with 14.1% (95% CI 12.3--15.8%) in men and 30.4% (95% CI 28.1--32.7%) in women. In contrast, the prevalence of poor sleep quality was 15.9% (95% CI 13.4--18.4%) in urban sample, with 10.5% (95% CI 7.4--13.7%) in men and 20.2% (95% CI 16.5--23.9%) in women. The prevalence of poor sleep quality in men was significantly lower than women in both rural and urban regions.Table 3Prevalence of poor sleep quality by age, gender and region.Age (years)Male\
% (95% CI)Female\
% (95% CI)Total\
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Correlates of poor sleep quality {#Sec5}
--------------------------------

Table [4](#Tab4){ref-type="table"} presents the independent correlates of poor sleep quality. Female gender (P \< 0.001, OR 2.4, 95% CI 2.00--2.82), rural areas (P = 0.002, OR 1.5, 95% CI 1.14--1.86), presence of major medical conditions (P \< 0.001, OR 2.4, 95% CI 2.02--2.96) and family history of psychiatric disorders (P \< 0.001, OR 2.7, 95% CI 1.60--4.39) were independently associated with poor sleep quality.Table 4Independent correlates of poor sleep quality by multiple logistic regression analysis.VariablesMultivariate regression analysisOR95% CIP valueFemale gender2.42.00--2.82**\< 0.001**Rural region1.51.14--1.86**0.002**Married/cohabiting0.90.78--1.140.539Primary school or below^a^1.20.97--1.430.100Low income^b^1.10.87--1.390.429Major medical conditions^c^2.42.02--2.96**\< 0.001**Family history of psychiatric disorders2.71.60--4.39**\< 0.001**Bolded values: \< 0.05; *CI* confidential interval, *OR* odds ratio.^a^Primary school or below = less than 7 years of formal education.^b^Low income: annual household income \< RMB30,000 (approximately USD4,242).^c^Major medical conditions included hypertension, diabetes, cerebrovascular disease, cancer, and gastrointestinal diseases.

Discussion {#Sec6}
==========

This large-scale epidemiological study found that the prevalence of poor sleep quality (defined as PSQI \> 7) was 21.0% (95% CI 19.7--22.2%) in Chinese older adults, which is significantly associated with female gender, rural areas, presence of major medical conditions and family history of psychiatric disorders.

A previous study found that 15.7% of 7,154 older adults aged ≥ 60 years in China reported moderate and severe sleep problems as measured by a question about sleep quality^[@CR13]^. Another study of older adults (aged 50--70 years) in Beijing and Shanghai found that 16% of 3,289 participants reported poor sleep quality (19% Beijing vs. 13% Shanghai) as measured by self-reported sleep duration^[@CR18]^. In a study of older adults aged ≥ 65 years in 22 provinces in China, 35% of 15,638 participants reported "fair to very bad" sleep quality according to a question on "how do you rate your sleep quality recently?"^[@CR22]^. However, due to the use of different measures on sleep quality, direct comparisons between results could not be conducted.

The prevalence of poor sleep quality among the elderly in this study (21.0%, 95% CI 19.7--22.2%) is lower compared to most of other studies using PSQI in both China and other countries, such as Japan (37.3%)^[@CR9]^, and Korea (64.3%)^[@CR10]^. The prevalence of poor sleep quality (PSQI \> 5) among the older adults (aged ≥ 60) was 47.1% in Hong Kong^[@CR25]^, while the corresponding figure (aged ≥ 65) was 49% in Taiwan^[@CR20]^. In mainland China, the prevalence of poor sleep quality among older adults (aged ≥ 60) was 41.5% (95% CI 38.6--44.5%) in Shanghai^[@CR23]^, and 49.7% in Anhui province^[@CR21]^. In addition, the PSQI total score in this study was 5.05 $\documentclass[12pt]{minimal}
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                \begin{document}$$\pm $$\end{document}$ 3.60)^[@CR10]^. The lower prevalence of poor sleep quality in this study compared to other studies could be possibly explained by several reasons. First, different definitions of 'older adults' (e.g., ≥ 60 years^[@CR21],[@CR23],[@CR25]^ and ≥ 65 years^[@CR9],[@CR10],[@CR20]^) and definitions of 'poor sleep quality' (e.g., PSQI total scores of ≥ 5^[@CR10],[@CR20],[@CR23],[@CR25]^, ≥ 6^[@CR9]^, \> 7^[@CR21]^) were applied in different studies. Second, different study periods, sample sizes, sampling methods (one stage vs. multi-stage), interview techniques (face-to-face vs. telephone interview) and statistical methods (e.g., univariate vs. multivariate analyses) may result in different findings. Finally, Hebei province is a predominantly agricultural area, with less urbanization and industrialization compared to major cities involved in previous studies, therefore, residents in Hebei may have less daily living pressures, which could in turn reduce the likelihood of poor sleep quality.

Poor sleep quality was more common in older women than in men, which supports previous findings^[@CR26]--[@CR28]^. Generally, older women often have heavy household responsibilities and burden in China, which can lead to higher risk of sleep problems and depression^[@CR29],[@CR30]^. In addition, women may be more sensitive to negative life events, such as the loss of family members or friends, which may result in poor sleep quality^[@CR24]^. Furthermore, in China older women usually have lower income, fewer social activities, and poorer social support compared to men, all of which are associated with higher risk of poor sleep quality^[@CR31]^.

Higher prevalence of poor sleep quality in rural (22.3%) than urban (15.9%) residents is consistent with earlier findings^[@CR27]^. Older adults in rural areas are burdened with heavy farm work and physical pain or other health problems, which may affect sleep quality^[@CR32]^. Furthermore, inadequate access to healthcare services and limited awareness of sleep hygiene in rural regions may increase the risk of sleep problems^[@CR33]^. Similar to earlier findings, the presence of major medical conditions was significantly associated with poor sleep quality. In this study, major medical conditions found included hypertension, diabetes, cerebrovascular disease, cancer, and gastrointestinal diseases, all of which could lead to depression, anxiety and poor sleep quality^[@CR1],[@CR34],[@CR35]^. Moreover, adverse effects of certain medications for major medical conditions could also lead to poor sleep quality^[@CR1]^. Subjects with family history of psychiatric disorders were more likely to suffer from psychiatric disorders, which, in turn, could worsen sleep quality. Moreover, sleep problems were significantly associated with psychiatric disorders. For example, studies found that sleep problems could be a prodromal symptom of some psychiatric disorders, such as depression^[@CR36]--[@CR38]^, and there was a high rate of comorbidity between sleep problems and some psychiatric illness, particularly mood and anxiety disorders^[@CR39]^. All these factors could explain the association between poor sleep quality and family history of psychiatric disorders.

The strengths of this study included the inclusion of agricultural region, large sample size, multistage random sampling, and use of standardized instrument on sleep quality. However, there are several limitations to this study. First, this was a cross-sectional study, thus the causal relationship between poor sleep disturbances and other variables could not be verified. Second, people who could not understand the content of assessments were not included, which could lead to potential selection bias. Third, use of medications for sleep problems, such as sleeping pills, were not recorded. Fourth, poor sleep quality was only measured by a self-administered instrument, rather than objective measures.

In conclusion, poor sleep quality was common among older adults in Hebei province of China, although the prevalence was relatively lower than that in most studies in China and other countries. In order to reduce the negative impact of poor sleep quality on health outcomes, regular assessment of sleep quality and accessible sleep treatments for older population should be provided in agricultural areas of China.

Methods {#Sec7}
=======

Subjects and sampling {#Sec8}
---------------------

This study, conducted from April 1 to August 31, 2016, was part of a large-scale cross-sectional epidemiological survey on mental health in Hebei province, China^[@CR40]^. The study protocol was approved by the Human Research Ethics Committee of Hebei Mental Health Centre. All methods were performed in accordance with the relevant guidelines and regulations.

The sample size was calculated using the program OpenEpi by the formula: $\documentclass[12pt]{minimal}
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                \begin{document}$$n=[DEFF * Np(1-p)]/[(d^2/(Z_{(1-\alpha/2)^2}) * (N-1) + p*(1-p))]$$\end{document}$^[@CR41]^. Given the finding of a previous survey in Hebei province (p; the prevalence of any type of psychiatric disorders: 18.51%)^[@CR42]^, design effect of 2.0, significance level of 99% (two-tailed), and the precision of the estimate of 0.1p (d), the sample size should be at least 20,013. With assumed response rate of 80%, a total of 24,000 participants should be included.

The inclusion criteria were: (1) aged 65 or above; (2) permanent residents in Hebei province; (3) ability to understand the content of the assessment; and (4) willingness to participate in this study. Written informed consent was obtained from all participants. A multistage, stratified, cluster random sampling method was used in this study^[@CR40]^. In Hebei province, neighborhood communities and villages each with several hundreds of households are the basic community units in urban and rural areas, respectively. The sampling process included first, all the eleven administrative regions of Hebei province were included in this survey. Urban and rural residents were categorized according to the household registration system in local public security departments. Second, following an earlier epidemiological survey in Hebei province^[@CR42]^ and taking into consideration the population ratio of urban to rural areas, 1--4 districts and 1--7 towns were randomly selected by a computer-generated random number table in each administrative region. Finally, this survey included 20 communities in urban regions and 58 villages in rural regions, from which 23,675 eligible residents were randomly selected and invited to join this study during the study period.

Assessment tools and procedure {#Sec9}
------------------------------

Basic socio-demographic and clinical characteristics, such as age, gender, marital status, residential area, education level, employment status, annual household income, co-living status, religious beliefs, health insurance, presence of major medical conditions and family history of psychiatric disorders, were collected using a data collection sheet designed for this study. Following previous studies^[@CR31],[@CR36]^, marital status was dichotomized: married/cohabiting and others (e.g., single, divorced and widowhood).

Sleep quality was assessed by the validated Chinese version of the PSQI^[@CR8],[@CR43]^. The PSQI is a self-administered scale to measure sleep quality over the past 1-month, with 19 items covering seven domains, including subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, daytime dysfunction, and use of sleep medications. Each item is scored from 0 to 3, with a higher score indicating lower sleep quality. A PSQI total score of ≥ 7 indicates "poor sleep quality" with a sensitivity of 98.3% and specificity of 90.2%^[@CR43]^.

Statistical analysis {#Sec10}
--------------------

Epi data software (Version 3.1, Odense, Denmark) was used to establish the database. Statistical analyses were conducted using SPSS, Version 24.0 (IBM SPSS, IBM Crop., Armonk, NY, USA). Comparisons between good and poor sleep quality groups were conducted using Chi-square test and two independent samples t-test, as appropriate. The normal distribution of continuous variables was checked using Kolmogorow--Smirnov test. Multiple logistic regression analysis with the "enter" method was used to examine the independent correlates of poor sleep quality. Poor sleep quality was entered as the dependent variable, while those that significantly differed between the two groups in the univariate analyses were entered as independent variables. Significant level was set at 0.05, with two-sided tests.
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